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(54) X-RAY ABSORBING MATERIAL AND VARIANTS 



(57) The present invention relates to an X-ray 
absort>ing material wNcti can be used in medicine as 
well as in ttie production of special protectkm ckytfies. 
protectk>n screens, fiouslngs^ protectk)n coatings and 
isolatkyi materials. In a first emtxxfiment. tfie material 
uses as a filler a poly-dispersed kneading-se^'egated 
mixture containing metallic particles having a size of 
between 10'^ and 10'^ m, wfierein said partides are 
bonded to the surface of a textile t)ase. The density 
of the material is defined by the relatkm 
qN = (0.01 -0.20)qp wherein qi^ is tfie density of the 
X-ray absoft)ing material as a whole while qp is the den- 
sity of the material used for the particles of tfie X-ray 
absorbing filler. In a second embodiment this invention 
uses as a filler the abcve-mentioned mixture tfiough the 
partides are surounded by the volume of a matrix 
made of a compound that solidifies under atmospheric 
pressure. The total mass of the poly-dspersed and seg- 
regated mixture is defined by the relation M = (0.05 - 
^ O.^m where M is the total mass of the X-ray at>sori3ing 
<^ poly-cfispersed and segregated fHler, while m is the 
^ equivalent mass of the filler material which is equal by 
h* its protection properties to the mass M. In a third 
^ embodiment, this invention uses as a filler the above- 
O mentioned mixture though the partk^les we bonded to 
^ an intennediate substrate consisting of a textile base 
and surrounded tyy the volume of a matrix. 

Q. 
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Description 

Field of engineering. 

5 [0001] The invention relates to X-ray contrasting and X-ray protection materials and can k>e used in medidnep 
namely in roentgen equipment interxJed for diagnostics and inspection ill, spectftcally for monitoring ever condition of 
endo-prosttietic appliances, internal surgical wields, post-surgical area in order to avoid leaving a surgical napkin, tam- 
pon or surgical instruments inside the body of a patient lor selection of exposure areas in the coume of radio-therapy, 
etc.. as well as for production of protective uniform (aprons, smocks, waistcoats, caps. ^.). production of protection 

10 shiekJs. partitions, protectfon coating, isolatnn materials, etc. 

Previous level of engineering. 

[0002] Known is an X-ray at)6ortMng material, for exanple, under the Patent of Sweden 349366, 1960, prcvMing 
IS for an artificial rayon tread which contains t)arium sulfate (BaS04) in t^ 

mass) . However, adding of the mentioned mechanical impurity to the textile base of material resuHs in ebnifil reduction 
of it8durat)illty 

[0003] KrK>wn are X-ray absortM'ng materials, executed, for example. In the form of threads which contain t>ismulh 
oodde, cdtoklal silver, iodine derivatives as X-ray contrasting irrpurities added to the polymeric composition (ref. to X- 
20 ray ak)sort>ing materials descrit>ed, for example, in the Abstract of A. V. Vitulsky, Master of Science, named < (Obtaining 
and research of synthetic fit>er8 with the X-ray contrasting and anti-germ preparations being added at the time of 
forming)). Leningrad, 1974). 

[0004] However, examining of properties of a textile base containing such impurities has shewn that due to violsrtfon 
of the f ik>er structure homogeneity, caused by negative influence of contrasting impurity particles, the worsening of the 

2s physical and mecharacal properties of fbers and threads made on the base of the mentioned irrpurities takes placa A 
textile base containing such impurities lacks duraftMlity and this factor limits the f ieU of application thereof. 
[0005] Known is an X-ray at>sort>ing material, for exarrple. under the Certificate of Authorship of Bulgarm 3621 7. 
1 980, made in tiie form of a thread containing X-ray protection coating produced of heavy metals, ptotted by means of 
falling out In corresponding salts solutes. Unlike the materials mentioned atxyve. this one has k)etter physfoal and 

30 mechanical properties since the plotting of the coating k>y falling out of heavy metals from solute does not reaBy affect 
the mechanical properties of the initial material. Nevertheless, the small width of the coating causes the lowered X-ray 
contrasting and X-ray protection properties. Furthermore, the weak adhesion of the X-ray absorbing coating towards ini- 
tial material after washing, cleaning and so on, causes abrupt reduction of X-ray contrasting and X-ray protective prop- 
erties. 

35 [0006] Known is an X-ray absorbing nriafterial under the Certifk»te of AuttxMshipf^ 18% 17y56, 17700, 

U.S.S.R., 1980. which, having the merits of a material made in the form of the tfiread containing the X-ray at>sort>ing 
coating of heavy metate. is devoid off its drawt)acks due to the fact that the X-ray absorbing coating is made of ultra dis- 
persible particles (UDP) wHh sizes of t>etween 10*^ and 10'^ m and having such property like abnormal weakening of 
radiation (according to ((Phenomenon of abnormal reduction of X-ray radiation tiy ultra dispersible environment)). 

40 Diploma fO^ 4 of the Russian Natural Science Academy, priority date - 05^)7/87). The metal-containing element (size of 
between - 10"® and lO'^m) finely dispersible mixture of ttiis material is bonded to the surface of thread /.e. on the textile 
txise surface. However, the use of finely dispersit)le mixture only in tiie range of ultra dispersible particles (between 10' 
^ and 10'^ m). which are chemically and physically fissile and ^^rophork;, is technologk^aliy problematic since it requires 
special conditions of manufacture, transporting, storage and techrK>logk;al application. 

45 [9007] Asaresultof the recent discovery in the fieU of physk;s of poly-dispersed environment named ((Thephe- 
nomenon of the permeating radiation quantum stream intensity abnormal alteration by mono- and multiple 
environment)) (Diploma N> of the Russian f^ral Sdence Academy, priority date - 09/19/96) it was ascertained that 
the poly-dispersed environment provided that the certain dispersit>ility of particles arxf segregation thereof by intermix- 
ing is ensured, also reveals the capat)ilrty of abnormally high reduction of X-radiation. which is concfitioned tiy self- 

50 organization of poly-dispersed partrcles having a size of t^etween one thousarxfth and hundreds of mk:rometers into 
energetically interconnected X-ray absortxng enserribles. (Segregation of poly-dispersed mixture denotes inegular cfis- 
trfoution of the poly-dspersed mixture particles caused t)y intermbdng of the mixture, due to self-organization of parti- 
cles into ttie system of energetically interconnected ensembles ensuring the increasing of the photo-at>sorption cut). 
Meanwhile it is generally known that the use of poly-dispersed mixtures consisting of particles having a size of between 

55 10'^ up to 10'^ in modem engineering does not require any spedfto limitations and is not fraught with any spectfic tech- 
notogical diffknjities in manufecture, transportation, storage and use. 

[D008] Known is an X-ray absorbing material containing, for example, a rut)ber matrix with a fixed X-ray absorbing 
filler under the U. S. patent N> 3239668. 1 966. According to the patent, the X-ray at)sort>ing elements in the form of lead. 
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btsmuth, sOver and tungsten can be used as a ffller. The main drawback of the mentioned material is reduction of solidity 
of material in 2-3 times due to the negative influence of the absortxng particles of filler violating the uniform structure of 
the original polymeric mass. 

[0009] Known are another X-ray absortxng materials containing a matrix with a fixed X-ray absorbing filler or, for 
5 exanv)le. in the form of golden tub^ under the U S. patent 21 53889, 1 939 or in the form of wire made of silver-, 
bismuth-, tantalum-containing alloys, wherein the said wire and the matrix are fastened together by intenweaving and 
forming a kind of a textile thread (U. S. patent 3194239. 1965). 

[001 0] Materials containing a matrix with a fixed X-ray at>sort>ing filler in the form of wire made of silver-, bismuth-, 
tantalum-containing alloys, wherein the said wire and the matrix are fastened together by intenweaving and are forming 
10 a textile thread, are preferable in comparison with the materials under the U.S. patent 2153889, if taking into account 
such property as solidity, but have lower ptastidty. which is inadmissble in many cases. 

[0011] Known are materials protecting from impact of X- and gamma-radiation containing heavy fill^, the most 
spread of which is. for example, lead (Artide named < (Technical headway in atomic engneering ) > . Series ( ( Isotopes 
in U. S. a R», 1987, edition 1(72). p. 8^. Due to the great cfifference in density between a filler (for example, lead) and 
IS a matrix (for example, concrete, polymers^ etc.) the filler (lead) is being spread along the matrix volume irregularty which 
resuHs in decrease of the X-ray absort>ing properties of material as a whole. 

[001 2] Known is an X-ray absort>ing material executed, for example, on the basis of the pdysterol polymeric matrix 
andlead-a)ntainingorganictiller,underttieU.K.paAemN>1260342.Q21 Fin 1972. The said material has the same 
drawback as the lead-containing fillers described in the artide ((Technkal headway in atomic engineering)). Series 
20 < (Isotopes in U. S. 8. R». 1987. edtion 1(72). p. 85. whtoh consists in irregular cfistribution of heavy X-ray absorbing 
filler inside the matrix, tiie material of which has conskf erat)ly lower density than the material of filler. The dosest to the 
offered invemk>n is an X-ray absorbing material containing a matrix 

[0013] with the fixed X-ray absortM'ng metal-containing filler in the form of dispersed partides, i^er the Russian 
Federation patent 2063074 G21 F 1/10 of 06/27/96 (prototype). The drawback of the saki material consists in the 

25 fact that adding of a lead-containing filler to a textile base resuHs in reduction of density of the material due to the vio- 
lation of the textile base uniform structure, that limits, in its tum. the possbilrty of use thereof for manufacture of various 
protective means. Material executed on the basis of a tread with a lead-containing filler can not be used as an X-ray 
contrasting material in medteal radiology due to the lead's toxic properties. Furthermore, it is impossble to create effec- 
tive compact protection from X- and gamma-radiation on the basis of such material as a tiiread (analogue thereof, for 

30 exanple, is described in ttie Russian Federation patent IsP 2063074) as in this case for purposes of using ttie saU 
thread-material it is necessary to apply the special technotogy of dense multi-layer machine knitting for manufacture of 
multipurpose protective tissue. But thus, as ttie weakening of a narrow bundle of quanturns by a stratum of a material 
having width = X happens according to ttie exponential law. in compliance with the legitimacy descrit)ed in the book 
"Methods of radiation granulometry and statistical simulation in research of structural properties of composite materials. 

35 -(V. A. Vbrobiev, a E. Qdovanov, S. I. Vbrobieva, Moscow. Energoatomizdat, 1984). happens reduction of radiation 
intensity: 

l=lpe'« (1) 

40 Where 

I is the intensity of radiation passed through a stratum of material having wkltti s X. 

10 is the intensity of initial radiation, 

11 is ttie linear factor of radiation reduction (weakening) (tabular regulated value for each of X-ray absort>ing mate- 
45 rials). 

[001 4] The drawback of ttie prototype consists also in high percentage of a metal-containing filler in total amount of 
the X-ray absort)ing material (66-89 %), that will cause increase of the mass of X-ray absorbing material as a whole, 
and on the other band, the artides made out of such material are heavy and inconvenient in maintenance. 
50 [001 S\ The irregular distribution of the heavy ffller in the matrix volume is one more drawback of the mentioned pro- 
totype. 

Disclosure of Invention 

55 [001 6] TTie main tasks in ttie course of development of X-ray absorbing (1. e. X-ray contrasting and X-r^ protective) 
materials are: 

- to eliminate toxicability of an X-ray contrasting material, 
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- to reduce the mass and width Ola protective nrale^ 

Elimination of taxicability is achieved through the application of non-toxic f Olers (tungsten, for example). And aeation of 
compact protection with ttie protective material width reduced together with saving of X-ray absoitMng properties 0- e. 
5 X-ray and gamma-radiation reduction degree) leads to increasing of the material protective layer mass caused by use 
of "heavy" fillers, i. a filler of high density. Vice versa, when the X-ray at)sort)ing properties are saved, reduction of pro- 
tective material density causes the necessity of Increasing of its width. 

[0017] Let's illustrate this position on an example of an X-ray atssorting material in the form of a protective tssue 
(racfiologisf protective apron, for example) which ensures protection characterized t>y the reduction factor K=100. It is 
10 possible to deduce from Formula (1) as follows: 

K=lo«=e*"=100. 

[0018] Whence it follows 

15 

x=lnK/|i»4,G/|i (2) 

As an eocarrple. lef s compare properties of tissues made of tfireads containing the krK)wn fillers in the form of non-seg- 
regated dispersed particles of lead (Pb) and tungsten (W). The size of the corrpared tissues was set as 10 x 10 cm. 
20 The rest initial data for comparison are shown in Table 1. 



Table 1 



Initial data for conrparison. 


Material used for the par- 
ticles of filer 


Linear factor of radiation 
reduction -1 (weakening), 
M.cm*) 


Partides material den- 
sity, pgfem? 


Pb 


40.3 


11,34 


W 


50.1 


18.7 



*) Remark: radiation sovce is an X-ray emitting (roentgen) tijt)e. energy - 60 keV. 



35 [P019] It is possible to deduce from Formula (2). using the data of Table l.thevaluesofwidthX tor tissues made 
of threads wrtti a filler made of: 

Pb p(= 0,1 1cm) and of W (Xs: 0,09 cm). 

40 [D020] Aocordinglythemassof such protection tissues with volurne off 10 x10 xX will constit^ 

for Pb- 124.74 g. 
fDrW-168,3g. 

45 [0021] If the mass of a protection tissue on the Pb basis is taken for 1. then (by equal protective properties and 
equal sizes) the ratio of rnasses of tissues rnade on the base of threads containing Pb and W - will 
[0022] Thus, it is impossil)le to obtain sirnuHaneous reduction of tiie protective niaterialv^ 
prototype and known similar technologies. 

[0023] According to the present invention the set tasks are solved by means mentioned in the distinctive part of 

so Indeperxient claims of the Invention formula. 

VX}241 In a first entxxiiment of an X-ray absortxng material comprising a matrix witti f ixed X-ray absort>ing metal- 
containing filler the said material uses as a filler the segregated t>y intermbdng poly-dispersed mixture containing metal- 
lic particles having a size of between 10'^ and 10~^.while the textile base serves as a matrix. As this takes place, tiie 
particles are bonded to the surface off said textile base and the density of X-ray at>sort)ing material as a whole, at X-ray 

ss at)6ort>ing properties of the material being equal to those off the material used for the particles of the X-ray absortxng 
filler, is defined by ttie relation: 

p^=(0,01-0.20)pp. 
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where: p ,n - density of X-ray absorbing material as a whole. 

while pp IS the density of the material used for the particles of the X-ray absorbing filler. 

[0025] In a second embodiment of an X-ray absorbing material comprising a matrix with fixed X-ray absorbing 
5 metal-contairvng ffller in the form of dspersed particles, the said material uses as a filler the segregated by intermixing 
poly-dispersed mixture containing metallic particles having a size of between ICT^ arxl 10*^ m, wherein the said metallic 
particles are surrounded by the volume of a matrix executed of at least one component solidifying under atnrxispheric 
pressure or of the composition on the base of said component. As this takes place the total mass of segregated poly- 
dispeised mixture consisting of X-ray at)6orit)ing particles of filler, is defined by the relation: 

10 

Mb (0.05 -0,5) m. 

where M is the total mass of segregated poly-dispersed mixture consisting of X-ray absorbing particles of filler, 
while m is the equivalent mass of the X-ray-at)sorbing filler material equal by its protective properties to the mass M. 

IS 

[0026] In a third embodiment of an X-ray at>sort>ing material comprising a matrix with fixed X-ray absorbing metal- 
containing filler in the form of dispersed particles, the said material uses as a filler the segregated by intermixing poly- 
dispersed mixture, containing metal partides having a size of between 1 0'^ up to 10*^ m, wherein tfie said particles are 
bonded to an intermediate substrate which is surrounded by the volume of matrix executed of at least one compound 
20 soRdHying under atmospheric pressure or of the corrpositlon on the base of said compound. A textile base serves as 
an intermediate sut)stFata A mineral f fcer can be used as an intermediate sut)6trata 

[0027] The attributes set forth above relate to a range of inventions interconnected by the common author's con- 
ception. As this takes place, the said range of inventions consists of objects of one type and appliance, ensuring the 
same technical result, namely: exclusion of toxicability of an X-ray contrasting material and reduction of mass and width 
25 off a protective material which is the necessary requirement for an invention represented by variants^ 

Inventions realization variants. 

[0028] In a first emtxxiiment of X-r^ absorbing material the execution of a filler in the form of segregated by inter- 
so mixing poly-dispersed mixture comprising metallic particles having a size of between 10'^ up to 1(r^ m ensures ttie 
manifestation of a qualitatively new effect by used X-ray absortxng filler - increasing of cut of interaction between the X- 
ray and gamma-ray emission and substance. Due to the mentioned effect the increasing of specific properties of X-ray 
absorption with the offered material is achieved. 

[0029] The use of poly-dispersed mixtures as a ffller is widely applied in X-ray absortsing materials descrbed, for 
% example, in the Russian Federation patents N> 2063074 and 2029399. whereof the norvsegregated partides having 
a size of between 10"^ up to 10"^ mare used. However, in the said materials the above mentioned attribute is used in 
purpose of more regular distribution of X-ray absorbing filler along the surface of a matrix or inside thereof. 
[0030] In tiie X-ray at}sort)ing metal-containing material defined herein the segregated by intermixing poly-dis- 
persed mixture ensures not only the nK>re regular distritxition of X-ray absortxng filler along the surface of a matrix or 
40 inside ttiereof but also provides for manifestation of a qualitatively new effect - increasing of cut of interaction between 
the X-ray and gamma-ray emission arKi sut)6tance. 

[0031] The finely dispersfole mixture of metal-containing element (sizes between 10*^ and 10'^ m) used in the 
kTKTwn analogous material under the U.S.S.R. Certificate of Authorship 1826173 is bonded to the textile t>ase sur- 
face. Unlike the said analogous material, under the offered invention the poly-dispersed mixture made of partides hav- 
45 ing sizes of wkJe range: 10'^ up to 10^, is used. As this takes place, the partides having sizes of the above mentioned 
range are included into ttie common mixture. Consequentiy. working on such mixture in coiTunon, natural conditions 
does not reveal any technological obstades. /.a the said mixture does not demonstrate physical and chemical activity. 
In particular it does not manifest pyrophoric properties. 

[0032] Under the offered invention the use of tfie segregated by Intermixing poly-dispersed mixture comprising par- 
50 tides having sizes in the rsinge of 1 0'^ up to 1 m provkles for a qualitatively new effect, if compared with the said anal- 
ogous material under the U.S.S.R Certiftoate of AuttK>rship 1826173. This effect consists in obtaining the same 
abnormal X-ray absorbing properties. 

[0033] Side by side with this, the dispersed partides of ttie analogous material (acc. to the U.S.S. R Certif k^ate of 
Auttiorship isP 1826173) are tx>nded to the thread surface, Le. to the surface of a textile base. However, under the 
55 offered invention not only a thread but also separate f laments ttiereof can t>e used as a textile t>ase, Le. the notfon 
< (textile base» grasps a thread as well as separate fflaments. According to ttie present invention in the case of sepa- 
rate filaments coating by an X-ray-abeortxng filler (and. what is more, in ttie form of segregated by intemnixing poly-dis- 
persed mixture witti self-organization of poly-dispersed partides into the energetically interconnected power-consum- 
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ing ensembles), and provided that ttie filaments would twist into a ttiread, the said tread shaN have the specific X-rsy 
absorbing properties of a qualitatively new. higher level, in comparison with the analogous material under the US.S.R 
Certificate of Authorship N» 1826173. 

[0034] Soi using a textile base as a matrix with the X-ray at)soifoing metal-containing segregated partides of filler 
being bonded to surface thereof ensures a qua&talively new effect (differing from the prototype) which finds expression 
in higher X-ray absortring properties of material characterized by extremely heightened specific properties of X-ray 
atisorptioa 

[00351 UrKier the U.S.S.R. Certificate of Authorsh^ 1826173 an X-ray absorbing coating of the thread-matrix 
surface is provided. As for the X-ray absort)ing material offered herein, a textile base not only in the form of thread as a 
whole can be used as a niatrix. but also a textile base in the form of separate fi 

mentioned atxsve). A thread twisted out of separate filaments coated t>y an X-ray at)sort>ing filer has much higher X-ray 
absoft>ing properties than a thread where only the open surface thereof is coated with an X-ray at>sorbing filler (unlike 
the offered material, where the surface of each filament included into the thread is coated t>y an XnBy absorbing filler). 
Moreover, the surface of each filament is covered by dispersed particles segregated by intermixing. As a result the said 
dispersed particles are self-organized into tfie energetically interconnected X-ray at)sorbing ensemUes, and this, in its 
turn, ensures the extreme heightening of X-ray absorbing specific characteristics. 

[0036] Realization of an X-ray at>soribing material as a wtx>le, at same X-ray at)sort)ing properties of this material 
and the filer material, wherein the density of filler is defined by the relation: 

p„=(0,01-0.20)pp, 

where Pm is density of X-ray ab6ort>ing material as a whole, 

while pp is the den^ of the nrialerial used for the partides of the Xnray absorbing fill^^ 

creates a qualitatively new effect fif compared with the material of the prototype), namely the sinrultaneous rechjction of 
width and density of a protective material. 

[0037] The simultaneous reduction of width arxl density of a protective material woven, for example, of an X-ray 
at)Sort>ing thread, ensures overcoming of ttie main contradiction arising wNle creating effective compact protection 
against X- arxJ gamma-radiation. Aocordirig to the offered invention, densities of the protective materials in the fomn of 
a thread and tissues derived therefrom, depending on the set technical conditions, can constitute between 0,01 (upper 
limit) and 0.2 (lower limit) of the X-ray absort)ing filler partides material density. If the mass of X-r^ absortxng material 
(in the preserrt case, a protective tissue executed on the base of a thread, according to the invention) is taken for 1 , then 
at protective properties and sizes of compared protective tissues being equal to ttiose of the tissue on the t>asis of the 
offered tread, for conditions set forth in lable 1, the correlation by mass will be as defined in labUe 2 below. 



Table 2 



Conrparative correlation of tissues by rnasses aft equal protection propel 

Table 1) 


Relative limits of osdllation 
of correlation t>etween den- 
sity of tissue made of the 
offered material and density 
of the material used for the 
partk;les of the X-ray 
absoftMng filler 


Tissue made of offered 
material 


Tissue made of threads 
withaffller in the form of 
non-segregated partides 
ofPb 


Tissue made of threads with 
a filler in the form of non- 
segregated partides of W 


Upper limit (0.01) 


1 


198 


267 


Lower limit (0,2) 


1 


9,9 


13,35 



[0038] Soi the offered X-ray absorbing material (tissue) would have mass lesser in 9,9 up to 287 times (at the other 
physical and chemk^al parameters being equal), if compared with the protection tissues on the basis of threads with a 
filler in the form of non-segregated partides of Pb and W. The mentioned factor ensures a qualitatively new effect 
[0039] Consequently, if compared with the prototype, the offered X-ray ab6ort)ing material, demonstrating the at>so- 
lute at>sence of tc»dcability, ensures high solidity equal to the solidity of the X-ray absorbing textile base plotted. Further- 
more, it ensures the abnormally high X-ray absortMng properties at low density. 

[0040] In a second embodiment of X-ray ab6orit)ing material the use of segregated by intermixing poly-cBspersed 
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mbdure oomprising metallic partides having a size of between 1 0'^ up to 1 0*^ m (as set forth alxm) ensures the man- 
ifeslation of a quafitativety new effect by the used X-^ at^^ 
ray and gamma-ray emtssion and substance. 

[0041] TTie poly-dispersed mixture containing metallic particles having a size of between 10'^ up to 10'^ m. being 
s placed inside a matrix volume, wherein the matrix is made of at least one component solicfifying under atmospheric 
pressure or of a composition on the tiasis of said component, excluded is violation of energetic X-ray at)sort3jng ensem- 
bles formed t)y intermixng and made of the X-fay at>sort)ing element particles segregated poly-cOspersed mixture. 
Meanwhile, this promotes the self-organization of said energetic X-ray absort)ing ensembles. 
[P042] An inorganic glue, such as the Na silicate and K silicate water solute or water suspension of compositions 
10 containing oxides of alkaline metals and earth m6lals» as well as compositions on the base of such glue, can be used 
as a matrix. 

[0043] The natural polymers, such as collagen, albumin, casein, gum. wood pitch, starch, dextrin, latex, natural 
caoutchouc, gutta-percha, zein. soy casein, as well as compositions on the base of such polymers, can also be used 
as a matrix. 

IS [0044] The syntfietic polymers, such as potyakrylates. potyamides, potyethylenes, pdyethers, polyurethanes, syn- 
thetic rubt>er, phenolformaldehyde resins, cartx>mid resins. caBxation epcxy and compositions based on such poly- 
mers, can be used as a matrix. 

[0045] Element-organic polymers, such as silicon-organic polymers, boron-organic polymers, metal-organic poty- 
mers and compositions based on such polymers, can also be used as a matrix. 
20 [0046] Plastics filled with gas, such as foam plastic and expanded plastic, can be used as a matrix. 
[0047] Vegetable oils or drying oils can be used as a matrix. 

[0048] Solutes of film-generating substances, such as oily, alkyd, ether-cellulose lacquers, can be used as a matrix. 
[0049] Potymefs water dispersfons, such as emulsion colors, can be used as a matrix. 
[0050] Concrete, gyps and so on can be used as a matrix. 

25 [P051] . According to tfie invention defined herein using the matrix made of solidifying oonrrxxjnd, unlike the mate- 
rial-prototype under the Ri^an Federation patent fsP 2063074, takes place under atmospherk; pressure, /.e. under 
natural conditions and not und^ pressure of 1 50 mPa like according to the prototype. According to the invention defined 
herein the mixture Is not underwent pressure like the protection rubbers as described In the Russian Federation patents 
t^f^ 2QTnA5, 20G6491 , 2069904 which are urKlenwent vulcanization under pressure after preparation of the mixture. 

30 Consequentty, it he^ to amd destroying of energetic X-ray absortMng ensembles formed in the course of intermixing 
of X-ray absortxng element particles segregated poly-dispewsed mixture. Tlie same distinction of the invention defined 
herein from ttie anafogous material under the U.S.S.R Certificate of Authorshp N" 834772 takes place, since according 
to the mentioned Certificate an X-ray absorbing material is obtained under pressure of 150-200 kg/cm^. 
[0052] In an anak3gous material under the US. patent 31 94239 tiie pressed pills of previously crumbled up iron- 

35 manganese oonaetions (IMC) are used as an X-ray absort>ing filer, whk;h is different from the invention defined herein. 
Effect of pressure on the filler of an anafogous material under the Russian Federation patent N> 2029399 also results 
in irTpos8it>ility of energetical ensembles self-organizing (however it lakes place in the offered invention). Thus, applica- 
tion as a matrix of at least one compound solidifying under atmosphenc pressure or of compositions on Its base in the 
offered invention has essential differences from the material - prototype as defined in the Russian Federation patent f^ 

40 2063074 7. and from the anafogous materials under the Russian Federation patents 
2029399,2077745,2066491 ,2069904 in part of respective functional properties. 

[0063] Realization of a condition, at wttfoh the common m^s of tfie segregated poly-dlspersed mixture consisting 
of the X-ray ak)sorbing filler partides material is defined by the relation 

45 M = (0,05- 0,5) m, 

where M is a the total mass of segregated poly-dispersed mixture consisting of X-ray absortxng particles of filer; 
while m is equivalent mass of the X-ray absortxng filler material which is equal by Hs protective properties to the 
massM. 

so 

- will alk3w (according to the second variant of X-ray absorbing material) to reduce a mass of known X-ray 
absorbing fillers in protection materials in 2 up to 20 times, depencfing on particular technk»l conditions and at 
saving an X-ray and gamma-^ radiation reduction factor. 

55 [P054] Reduction of mass and wkfth of protection material can be regarded as the main objective while constructing 
protection from roentgen- and gamma-radiation. However creation of ttie compact protection having a diminished thick- 
ness of layer leads to increase da protective layer nnass because of usage of ttie known heavy fiHer& And, vice versa, 
saving of a roentgen - and the gamma - radiation reduction factor at lowering the density of a material entails necessity 
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of increasing width off protection. And this is the main inconsistency arising while creating effective compact protection 
from roentgen • and gamma-radiation, as the simuHaneous reduction of width and mass of X-ray at)6orbing material 
practicaily cannot be achieved with the known fillers applied for protection. Th^ inconsistency requires some oonrpro- 
mise approach as to the choice d protection width and rnass with allowance for a co^ 

5 \pOSSl Let% illustrate tfus prot)lem on an example of the most common material applied In purpose of protection 
against gamma-radiation, such as concrete. D^isity of different sorts of usual Portland conaete, containing cement 
a connecting sitetance and the silicon shingle, gravel, quartz sand arxi similar mineral fillers, constitutes 2,0 - 2,4 g / 
cm^. A linear gamma-racfiation reduction factor constitutes 0.1 1 - 0,13 cm~^ (for energies of 1-2 MeV)- The protection 
made of concrete having such density is quite cumbrous and should have considerBble width. The concrete containing 

10 cement as a connecting substance, sand as a filler and galena as an X-ray absortmg filler in the ratio 1 : 2: 4 has the 
density of 4,27 g/cm^. and the Knear reduction factor thereof constitutes 0.26 cm'^ (for energies 1.25 MeV). The con- 
crete containing cemerrt as a connecting suk>stance, sarxJ as a filler arxJ lead as an X-ray absorising filler in the ratio 1 : 
2: 4 has density of 5.9 g/cm^, and the linear reduction factor thereof constitutes 0.38 cm~^ (for energies 1 .25 MeV). The 
protection made of conaete with a filler in the form of lead (leaden fraction) or galena is more compact, but such pro- 

15 taction is too nruch more expensive ttian usual concretes. 

[0056] Such X-ray absort>ing f flier as the baryta BaS04 allows to solve a problem of choosing width and mass of 
protection with allowance for its cost Though the appropriate solution can be found only on the palliative level.TTie bary- 
tes concrete containing as fillers sand and gravel, arxl the k>aryta as an X-ray at)sofbing ffller. has density of 3,0 - 3,6 
g/bm^, and the linear reduction factor thereof oonstitutee 0.15 - 0.1 7 cm~^ (for energies 1 .25 MeV). However, the barytas 

20 concrete protection total mass for set gamma - quantums energy value remains considerable, which causes serious cfif- 
f icutties while creating protection, especially protection of transport facilities. 

[0057] The above-stated inconsistency could l>e overcome, when tfie ironnfnanganese concretions are used as an 
X-ray-absort)ing filler, for example, as defined in the patent of Russian Federation fsP 2029399. BUt even in this case it 
is impossible to reduce a total mass of a protective material more than t)y 20-45 %, if compared wHh the Known mete- 
rs rials. 

[0058] However according to the offered invention the correlation of a total mass of segregated poly-dispersed mix- 
ture consisting of an X-ray at>soft>ing material particles with the formula set forth ak)ove allows to reduce a mass of tfie 
included into protective materials known X-ray absortxng fillers in 2 up to 20 times, depending on particular tecfmical 
conditions and at saving an X-ray and gamma-ray radiation reduction factor. 
30 [0059] TTm technical outoonrie of the second variant of the invention is obtaining of an X-ra^ 

low percentage of a metal-containing X-ray absorit>ing f Sler. This effect provides for reduction of width and mass of an 
X-ray absorbing material as a whole without aggravation of X-ray absorbing properties. 

[0060] In a third emtxxiiment of an X-ray absorioing material the use of the segregated by intermixing poly-dis- 
persed mixture comprising metallic particles having a size of between 10'^up to 10'^ m, as a filler, (as was described 
55 above) provides for manifestation of quaKtafively new effect of the used X-ray absortNng filler, namely, increasing cut of 
interaction between the X-ray and gamma-ray emission and substance. 

[0061] The bonding of segregated poly-dispersed mixtu'e consisting of flie X-ray absorbing substrate particles to 
the intermediate sut>strate promotes obtaining an X-ray at>sorbing material with even distribution of the heavy X-ray 
at)sorbing metal-containing filler inside the matrix having considerably smaller density, than the material of filler. 

40 [0062] Allocation of the poly-dispersed mixture comprising metallic particles having a size of between 10'^ and 10' 
^ m inside the volume of matrix executed of at least one compound solidifying under atmospheric pressure or of tfie 
composition on the base of said compound, eliminates (as was described above) violation of the fonmed at Intermixing 
energetic X-ray at>sofbing ensenties consisting of the X-ray absoritxng element particles poly-dispersed mixture and 
also promotes self-organizing of energetic X-ray absortMng ensent)les. 

45 [P063] A tactile base and a nrineralfi)er can be used as an imermediate substrate under the thi^ 
tion. 

[0064] The above description of X-ray flbsort)ing material variants confirms the possibitity of the invention realiza- 
tion, since the resources known on date of creation of the invention are used. Besides, it is shown that the totality of 
tags desaibing an essence of the invention, is sufficient for solution of the set task. 

50 

Industrial applicability. 

[D065] The above slated variants of the invention can be illustrated on the following examples. 

55 Example 1 . A filler in the form of segregated intermixing poly<jispersed mixture made of tungsten particles, is 
borxtod to the matrix surface executed in the form of a twisted lavsan thread. For this purpose a thread is to be put 
for a period of 10 minutes into tiie pseudo-liquefied (boiling) (under effect of heavy air stream) stratum of poly-dis- 
persed rnixture of the following faction structure: 20 microns -1 5 %; 45 nucrons - 80 %; 500 miaons - about 5 %; 
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1000 miCTons - 0,01 %. • 

In these conditions segregation of particles happens due to said particles self-organizing into interdependent 
power X-ray ak)8ort)ing ensen^es. Meanwhile such particles are attracted to the thread, therefore th^ are 
'>¥elded'' on its surfaca The treated thus thre^l gains properties providing abnornnal reduction of X-radiation. 

Data of experiment: 

Diameter of a thread - 0,3 mm; 
Lengtti of a tread - 3200 mm; 

Weight of athread bdbre plotting mechanical impurity from tungsten - 0.110 g; 
W^ht of a ttiread after plotting mechanical impurity from tungsten - 0,160 g; 

Solicfity of a thread before plotting mechanical impurity from tungsten -47 H, the same after plotting mechanical 
impurity from tungsten - 47 K 

As ttiis has taken place tiie mass density of ensemk)les of tungsten particles on the tfiread surface has consti- 
tuted 0.0017 gAcni^, size of the tiiread - 0.22 cm^ and density thereof as a whole: p= 0,7 g/cm^. 

After treating the obtained sairple of thread witti the stream of quantums with energy of 60 keV and fixing of 
outcomes on a roentgen film, the densitom^ in comparison with the standard leaden plates of different widtti 
(stepped weakener of 0,5 mm Pb up to 0,5 mm Pb with step 0,05 mm Pb) has k>een executed. In outconte it is 
ascertained that the X-ray absorption of a thread is equivalent to a leaden plate having width of 0,1 mm or 0,075 
nfm W according, ttiaft testifies about abnornnally high X-^ absori3in^ 

Furttiermore^ according Id ttie formula of the invention 

where pm IS density of X-ray absortring material (in our case - a thread) as a whole, 
while pp - density of X-ray at)6ort)ing filler material (in our case - tungsten); 
we have: p m^P p =0.7/19,3=0,036. 

The obtained value of the ratio p m / P p keeps witiiin the range (0,01 - 0,2) according to ttie formula of ttie invention. 

Example 2. The segregated poly-dispersed particles of tungsten having a size of between 10'^ up to 10'^ m are 
bonded to a matrix in ttie form of a textile material (ttie thick woolen dotti for overcoat) having wkfth of 0,4 cm. Seg- 
regation and bonding of the tungsten particles to a textile matrix is realized by means of predpitation from hydrosol 
in conditions of continuous intermixing during the last 15 minutes. Then a sample is to be exsiccated at a room tem- 
perature wrttiin one day. The subsequent X-ray testing (at quantums energy of 60 keV) has shown ttiatttie X-ray 
protection properties of the obtained sample correspond to ttie same properties of a leaden slice having wkfth 
0,01 5 cm. This level of protection testif ies about abnormally high reduction of X-ray emissfon stream, since the indi- 
cated level of protection at us^e of usual non-segregated filler particles material reqidres bonding to a matrix of 
1 00 % of tungsten by mass Onstead of 53 %. as in our case). Indeed, according to ttie invention and in connection 
witti ttie oonskiered exanrple the rnass of X-ray absorbing filler has constituted 0.1 16 g, /^^^ 
a sample, wherein wkfth of a sample niade of textile rnaterial (ttie ttikdcwodencfotti lor cvercoat) has been equal 
to 0,4 cm. ttie size of sarnpie has been 1x1 cm? and rnass ttiereof has been 0,216 g. As this has take^ 
density of X-ray ab6ort)ing material as a whole has constituted: 

p „ » 0,216/1x1x0,4=0.54 g/bm^, 

and ttie mass of tungsten of non-segregated particles being equivalent by X-ray^absorbing properties constitutes: 

0.015 X 0.75 X 19.3 = 0.217 g. 

/.e. 100 % of the mass of a textile material sample. 

It is obvfousttierefrom ttiatttie relation p ^/p p = 0.54 / 19.3 = 0,0279 corresponds to a declared range. 

Example 3. An X-ray at3Sort3ing filler in the form of ttie poly-dispersed particles of tungsten having a size of 
between 10"^ and 10'^ m. amount = 12% of mass, is introduced into a matrix in the form of hinge rubt)er of a brand 
( <Ap - 24» having ttie following stnicture: C - 84.73 %; H - 9,12 %; 5 -1 .63 %; N - 0,58 %; Zn - 2,27 %; Og - 1 ,69 
% and a size - 1 00 cm?. Tungsten particles included into ttie structure of crude rubber are undenvent segregation 
by intermixing in a mixer during 8 hours. As a result, the self-organizing of particles into the system of power-con- 
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suming ensentsles is achieved. 

After that the caide rubber f Qled with the X-ray absorbing filler has been underwent vulcanization without effect 
of pressura The sutjsequent X-ray testing (at energy of quantums -60 kaV) has shown that the X-ray protection 
pfoperties of the obtained sanple of rijbber having width 3 mm corr 
5 having width of 0.11 nm Tfiis level of protection testifies about abnormally high reduction of Xnfay emission 
stream, since the indcated level of protection at usage of non-segregated filler particles material requires adcfing 
to the matrix of 0,16 g of tungsten, i.a 34% by mass (instead of 12 %. as in our case). 

Thus, fbr a considered example (width of a rubber sample -& = 0.3 cm; density - p s 1 .56 g/c^^ 
ber sample having a size 1 x 1 cm constitutes 0.468 g: the filler poly-dispersed particles material total mass, i.a 1 2 
10 %of mbber sample mass M=0.056g) an equivalent mass of X-ray absorbing filler being equ^ 
erties to the mass M. is equal m s 0.16 g (34% of the rubber sarrple total mass). 

It is obvious therefrom that the relation Wm = 0.056 / 0.16 = 0.35 corresponds to the range defined in the for- 
nula of invention (0.05 - 0,5). that diminishes the waste of filler, reduces a mass of a protection material as a whole 
and diminishes the production costs thereof. 

IS 

Example 4. A f iDer in the form of super-thin basaXt fber TK-4. on wtiich the se^'egated by intermixing (in a spherical 
porcelain attritoO poly-dispersed mixture made of tungsten particles having a size of between 10'^ and 10"^ was 
fixed, is introduced inside a matrix in the form of epoxy priming of a brand ((AP-0010» (Russian Federation Offi- 
cial Staridard f^ 28379-89). A relation of a basalt fl>er rnass to a rnass of tungsten oonsti^ 

20 nng has been careluHy intenmixed by a palette-knife with a prepared basalt iher, thus the relation of a mass off 
priming to a mass of a fher has constituted 9:1 . After intermixing and obtaining of a homogeneous mass the prim- 
ing has been spread over a surface of cardlx>ard plates as an even stratum and after solicfifying within one day has 
been tested. The X-ray testing of sarrples (at energy of quantums - 60 keV) has shown that at a depth of priming 
layer equal to 2,06 mm. the protective properties thereof are equal to 0.08 mm Pt^ that testifies about abnormally 

25 high reductkxi of X«ray emisskm stream, since the indicated level off protection at usage off non-segregated weigh- 
ing material particles requires adding to the epoxy matrix 38 % off tungsten by mass Onstead of 7.5 %. as in our 
case). 

In a considered example (& =2.06 mm; p=1 .46 g/cm?) the mass of an epoxy priming sarrple having the size 
1x1 cm^ constitutes 0.3 g. The total mass of an intermediate sut>strate with the tungsten parlides bonded to the 
30 said substrate. oonslitutes0.03g(10%ofasamplernass). As thistakesplace, the rnassof tun 
of a mass of ttie filler. i.a 0.0225 r.ttiatconstitutes7.5%of amassof asampleasawhola 

Furthermore, the mass of tungsten, equal to lead having width of 0,08 mm. constitutes 0.008 x 0.75 x 19.3 = 

0. 1 158 g, wfuch corresponds to 38,6% of a sample mass. 

3S Example 5. 5 % of mass of the intemnediate substrate in the form of crumbled staple fbers (by-products of fulling 
and worsted industry), to which the poly-dispersed partides of tungsten having a size of between 10'^ and 10"^ m 
segregated within 20 minutes ty intensive intermixing in a pseudo-liquefied layer were tXHided. are introduced 
inside a matrix of dry gypsum The relation of a mass of staple fibers to a mass of tungsten constitutes 1:3. The 
prepared thus mixture is carefully intermixed I4> to obtaining of homogeneous gypsumf ilamentary mass. After that 

40 water is added, the mass is being carefully intermixed again and samples having sizes of 1x1 cm and width 1 cm 
are casted of the obtained liquid 8Ut)6tanca After drying arxl solidifying of the samples they are undenwent testing 
(at energy off quantums - 60 keV). The X-ray testing with the subsequent matching with the stepped leaden weak- 
ener has shown, that the obtained samples have the protective properties equal to those of a leaden plate having 
width of 0.04 cm. This level off protection testifies atxxjt at>normalty high reduction of X-racSatkxi, since the same 

45 level of protection can t>e reacf^ed at us^e of nor>-segreg£ited partides of the filler only at content off tungsten par- 
tides - 26,32 % of the mass (instead of 3,75 %, as in our case). For a considered example (width of a gypsum sam- 
ple -1 cm. density thereof- 1.32 g/cm^) the mass off a sample c ons titutes 1.32 g. Thus the mass share off tungsten 
partides in a sample constitutes: 

so 1 .32 x 0.05 x 0.75 = 0,0495 g. 

1. a 3.75% off the total mass of a sampla Atthesametimethemassof a tungsten equal to the mass of a leaden 
plate having wkfth 0.04 cm (by results of the X-ray testing) is equal to 0,04 x 0.75 x 1 9.3 » 0.347 g. that corresponds 
to 26,32 % of the sanpie mass. 

55 

[0066] The at>ove stated examples of particular X-ray absort>ing materials enrtxxliment (variants) and the ways off 
obtaining thereof testify akxxit the industrial applicability off said materials in the indk^ted area of engineering. 
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Claims 

1. An X-ray absorbing material comprising a matrix with a fixed X-ray absorbing metal-containing filler in the form of 
dispersed particles, wherein the said material uses as a f Oler the segregated by intermixing poly-dispersed mixture 
containing melaOic particles having a size of between lor^ and 10"^ mwhOe a textile base serves as a matrix; and 
wherein the particles are bonded to the surface of said textile base, and the density of X-ray absort>ing material as 
a whole, at X-ray absort)ing properties of the material being equal to those of the material used for the particles of 
the X-ray ^seorbing filler, is defined by the relation: 

p „=(0.01+0.20)pp. 

where p m Is the density of X-ray at)sort)ing material as a whole, 

while pp is the density of the nKrterial used for the particles of the X-ray absor^^ 

2. An X-ray absort)ing material comprising a matrix with a fixed X-ray absorbing metal-containing filler in the fonm off 
dispersed particles, wherein the said material uses as a filler the segregated by intermixing poly-dispersed mixture 
containing metallic particles having a size of t>etween 10'^ and 10'^ m, wherein the said particles are sunrounded 
by the volume of a matrix made of at least one compound that solidifies under atnrx>spheric pressure or of the com- 
position on the base of said conrpound, and the total mass of the segregated 

partides of X-ray absorbing filler, is defined by the relation: 

M = (0,05 + 0,5) m, 

where M is the total mass of the segregated poly^Jisperse mixture consisting off the X-ray-absorbing filler par- 
tides, 

while in is ttie equivalent mass off the X-ray-absorbing filler material equal by its protective properties to ttie 
massM. 

3. An X-ray absort)ing material comprising a matrix witti a fixed X-ray absorbing metal-containing filler in tiie form of 
dispersed partides, wherein the said material uses as a filler ttie segregated by intemnixing poly-dispersed mixture 
containing metaUic partides having a size of between 10'^ and 10"^ m, wherein ttie said partides are bonded to an 
intermediate substrate surrounded by ttie volume of a matrix emcuted of at least one oorrpound ttiat solidifies 
under atmospheric pressure or executed of a compoertion on ttie base of said compound. 

4. An X-ray absorbing material as defined in daim 3. wherein a textile base is used as an intemfiediate substrata 
& An X-ray abeoritxng material as defined in daim 3, wherein a rraneral fiber Is used as an intermediate substrate. 
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